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For the past 3 decades, coronary arteriography has been 
routinely used to assess both the anatomic severity and 
functional significance of coronary stenoses. Important in-
terventional decisions are frequently made using arteriogra-
phic data alone. Challenging the wisdom of this common 
practice are the findings of Zijlstra et al. (1) in this issue of 
the Journal. Using quantitative arteriography, this study 
correlates three variables of stenosis severity with two 
indexes offunctional significance: coronary flow reserve and 
stress thallium scintigraphy. The study has important impli-
cations for the practice of interventional cardiology and 
deserves comment. Recent editorials by Marcus et al. (2) 
and Gould (3) also provide discussion on this issue. 
Functional variables of stenosis severity. Coronary steno-
ses are clinically significant because they limit coronary 
blood flow, especially under conditions of increased de-
mand, and are frequent sites for acute thrombosis with 
subsequent myocardial infarction. Although coronary angi-
oscopy can visualize the endothelial ulceration and mural 
thrombosis associated with accelerated and unstable angina 
(4), angiography is of little value in predicting which stenoses 
are likely to produce future unstable syndromes. Infarct-
related stenoses of only mild to moderate severity are 
frequently found after complete thrombolysis. Furthermore, 
24% of infarct -related stenoses have been found not to be the 
most severe lesions by pre infarction arteriography and 69% 
of these were found to be <50% narrowed by quantitative 
arteriography (5). Thus, the most important consequence of 
coronary stenosis, myocardial infarction, appears not to be 
arteriographically predictable. 
Although of little help for predicting subsequent infarc-
tion, the coronary arteriogram is commonly used to assess 
the functional significance of a lesion. On the basis of 
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experimental comparisons of coronary flow reserve and 
percent stenosis data (6), stenoses >50 to 70% are judged to 
be clinically "significant." The sensitivity and specificity of 
stress scintigraphic and electrocardiographic tests are also 
evaluated in this manner. Unfortunately, clinical studies (7) 
have shown poor correlations of functional significance with 
visually interpreted percent stenosis. This discordance is 
due to at least three factors: 1) percent stenosis cannot 
accurately and reproducibly be determined by visual esti-
mate (8); 2) lesion severity has been demonstrated to in-
crease with exercise in some patients (9); and 3) coronary 
flow reserve is an imperfect index of functional significance. 
Coronary flow reserve, the most frequently used estimate of 
lesional functional significance, is itself affected by numer-
ous factors other than epicardial stenosis (10). Many of these 
are commonly encountered, including myocardial hypertro-
phy and infarction, multivessel disease, coronary collateral 
flow, angioplasty vessel injury and such. All must be ex-
cluded before a low flow reserve value can be attributed to 
an arterial stenosis. Regional hypoperfusion and hypokinesia 
during stress are also commonly used indexes of functional 
significance. These tend to correlate with flow reserve 
values, but are less sensitive if not in the distribution of the 
most severe stenosis (11). Thus, as yet, there is no perfect 
indicator of lesional functional significance. 
Anatomic variables of stenosis severity. The current study 
of Zijlstra et al. (1) investigates three indexes of stenosis 
severity: percent diameter stenosis, minimal cross-sectional 
area and predicted hyperemic pressure gradient. Each has 
theoretical and practical limitations. Percent stenosis is often 
visually estimated but has considerable observer variability 
(8). It can be more accurately determined using both auto-
mated edge detection and densitometric computer methods 
(12). A major advantage of percent stenosis is that it is a 
"normalized" variable that has allowed evaluation of a 
single criterion of stenosis significance (that is, 50 to 70%). 
This index, however, cannot take account of diffuse vessel 
narrowing. Thus, arteriography frequently underestimates 
the extent and severity of atherosclerosis determined by 
necropsy (13). 
Minimal cross-sectional area requires determination by 
quantitative arteriography, but accounts for both focal and 
diffuse components of vessel narrowing. It is a better index 
of functional significance for stenoses limited to one arterio-
graphic location, for example, the proximal left anterior 
descending coronary artery (2,14). Unfortunately, no single 
value for functionally significant minimal cross-sectional 
area is possible for the wide range of normal vessel calibers 
encountered in the coronary distributions . 
Lastly, predicted pressure gradient and predicted lesion 
flow reserve (15,16) can be estimated from a complete 
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assessment of stenosis and adjacent vessel geometry using 
hydraulic principles and assumptions of coronary blood 
flow. This variable has the theoretical advantages of consid-
ering both relative and absolute aspects of vessel narrowing 
and providing a pressure gradient value that is comparable in 
vessels of different caliber. It is unclear why the current 
study found such a low predicted hyperemic gradient (5.6 
mm Hg) separating significant and insignificant stenoses. 
Moreover, this is a complex analysis requiring quantitative 
arteriographic determination of stenosis diameter, length, 
exit angle and such. Because flow is estimated using an 
assumed blood velocity of about 15 cm/s, it is also likely to 
be inaccurate in complex situations such as myocardial 
infarction, hypertrophy or angioplasty. 
The current study ranks these three variables in order of 
correlation with functional significance (digital radiograph-
ically assessed coronary flow reserve) as follows: predicted 
pressure gradient, minimal cross-sectional area and percent 
stenosis. Major differences in correlation with functional 
significance were not found among the three indexes. The 
similarity of the correlations agrees with the experimental 
findings of Mancini et al. (12) and the clinical findings of 
Wilson et al. (17). In the current study, most stenoses were 
located in the proximal left anterior descending coronary 
artery, which favors the first two indexes. Were lesions at 
multiple sites considered, a different ordering might have 
evolved. Our laboratory has found that percent stenosis 
correlated best with flow reserve data obtained in patients 
with a wider range oflesion location. Lastly, all indexes had 
wide 95% confidence limits for predicting coronary flow 
reserve (>2.4 V), making them of little value for assessing 
the functional significance of stenoses of moderate severity. 
All previous clincial studies have reported the same finding. 
Clinical implications. This study confirms the need for 
more precise quantification of coronary stenosis severity. 
Even with such technology, however, arteriography is inca-
pable of evaluating moderately severe stenoses (30 to 70%). 
Patients with such frequently encountered lesions require 
complete assessment of symptoms, coronary blood flow and 
rest and stress perfusion or ventricular function, or both. 
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